Control of the circulation and of body temperature overlap in certain respects, especially as regards the parts of the autonomic nervous system involved.
There is both motor and sensory autonomic representation at cortical levels, with overlapping of somatic, autonomic and other areas. This explains why cardiovascular, sudomotor and other disturbances are associated with emotional upsets or cerebral lesions. Jackson (1873), Schiff (1875) and Bochefontaine (1876) noted that cortical lesions or stimulation can produce changes in the heart rate and blood pressure. Since then such observations have often been confirmed (Mitchell 1956 ).
Cortical participation in autonomic control requires connexions with all other levels of autonomic representation and the hypothalamus acts as an intermediary between higher and lower levels. Clark (1948) and Clark & Meyer (1950) suggested that the hypothalamus is a relaying and redistributing station for autonomic afferent pathways, which reach it from the cord and brain stem and from the hippocampus via the fornix, and that the premotor frontal cortex is their chief projection area. A minority of these connexions are direct, but the majority are via relays in the medial and anterior thalamic nuclei. These connexions are two-way and so there are corresponding corticohypothalamic efferent projection pathways. Lesions involving these pathways may produce not only personality changes but also a fall in blood pressure and alleviation of pain.
Parasympathetic and sympathetic activities are controlled mainly from the anterior and posterior parts of the hypothalamus respectively. Stimulation of the posterior part produces cardiac acceleration, raised blood pressure, an increased blood flow to the heart and lungs and cutaneous vasoconstriction. Stimulation of the anterior part may result in disturbed control of body temperature.
The autonomic elements in the brain stem form parts of the nuclei of various cranial nerves and of nuclei in the formatio reticularis. They are concerned with cardiovascular, respiratory, sudomotor and other activities. The cardiovascular 'centre' coincides with parts of the dorsal vagal nuclei (Mitchell & Warwick 1955) and adjacent reticular nuclei; the vasopressor part is subjacent to the vagal triangle and the vasodepressor part may lie just caudal to this (Ranson & Billingsley 1916) . These brain-stem elements are linked to the hypothalamus above and to the cord below by fibres in the mamillary peduncles, the mamillotegmental tracts, the reticulospinal and spinoreticular tracts, and the dorsal longitudinal fasciculus (Schutz 1891), &c., while others are dispersed in the dorsolateral regions of the brain stem.
In the cord sympathetic motor neurones are located mainly in the intermediolateral grey columns from Ti to L2 inclusive. Their axons emerge in the corresponding ventral nerve roots and pass to adjacent ganglia in the sympathetic trunks as the preganglionic fibres which form the white rami communicantes.
The parasympathetic outflows are at the cranial and sacral ends of the neuraxis, but some claim that parasympathetic efferents also emerge through dorsal spinal nerve roots (Kure 1931 , Kiss 1932 ).
The descending spinal autonomic fibres, which end around intermediolateral cells, run in 45'9 7 8 reticulospinal, interstitiospinal and tegmentospinal tracts and are also intermingled with pyramidal and extrapyramidal pathways. Afferent autonomic fibres lie in or near the spinothalamic tracts, while others ascend in the posterior white columns and relay in the nucleus gracilis (Amassian 1951 (Amassian , 1952 ) before participating in the great medullary sensory decussation. Autonomic impulses with faster conduction rates run in the posterior columns and slower impulses are conveyed in the lateral spinothalamic tracts (Aidar et al. 1952 ).
Most fibres in the sympathetic cardiac nerves are already postganglionic and merely pass through the plexus, whereas the vagal fibres relay in the plexus or in intrinsic cardiac ganglia scattered mostly over the atria (Dogiel 1877 , Woollard 1926 ), although enough exist over the ventricles (Mitchell 1956 ) to cast doubts on the hypothesis that they are entirely or predominantly under sympathetic control.
The cardiac afferents transmit impulses from receptor endings and networks which are plentiful in reflexogenous zones around the openings of the great veins and in the interatrial septum, atrioventricular valves and aorta (King 1939 , Mitchell 1953 , Khabarova 1963 , Miller & Michiko 1964 , Williams 1964 . The thoracic sympathetic cardiac nerves carry many pain and accelerator fibres. Other cardiac afferents run in the middle and inferior cervical sympathetic cardiac nerves, but after entering the sympathetic trunks they descend in them before entering the cord through the upper 4-5 thoracic nerves (Pollock & Davis 1935 , White & Bland 1948 , Birkett et al. 1965 ). According to Arnulf (1949) and Hantz (1951) many cardiac pain fibres traverse the preaortic plexus and so they advocate its excision as an alternative to sympathectomy or rhizotomy for the relief of angina. Many vagal afferents from the heart and aorta are concerned in reflexes depressing cardiac activity.
The cardiac efferent fibres transmit impulses which are modified reflexly by afferent impulses from the heart and great vessels and from baroreceptors in the carotid sinus, &c., and chemoreceptors in the carotid body and other glomus tissue (Hughes 1965a, b) . Cardiac, vasomotor and sudomotor reflexes are effected through 'centres' in the brain stem and cord, but they can be modified by impulses from higher levels in the cortex and hypothalamus. In discussing the autonomic nervous system and the cirulation I will deal particularly with some of the ways in which the reflex control of the circulation can be interrupted by neurological disease and how such interruptions can be recognized.
Testsfor Activity ofCirculatory Reflexes There are many ways of testing whether the circulatory reflexes are active. Each of the tests serves a different purpose, but most of them involve supplying some stimulus which is known to produce a certain result in normal subjects. A particularly useful stimulus is Valsalva's mana&uvre (Valsalva 1707) , that is to say a sudden rise in the intrathoracic pressure. It is usually produced by the subject voluntarily taking a deep breath and expiring against a closed glottis, but if the patient cannot co-operate a similar effect can be produced by inflating the patient's chest artificially. The effect of Valsalva's manceuvre on the circulation, in particular its effect on the arterial blood pressure, can be observed in a number of ways. The raised intrathoracic pressure interferes with venous return and the arterial blood pressure falls. In the normal subject (Fig IA) , however, reflex vasoconstriction develops and the blood pressure begins to rise although the intrathoracic pressure remains elevated. When the intrathoracic pressure is released the blood pressure shows an overshoot above the original level due to persistence of the reflex vasoconstriction. In a patient whose circulatory reflexes have been interrupted by neurological disease, a 'blocked' response occurs (Fig lB) . When the intrathoracic pressure is raised the blood pressure falls steadily away without any period of recovery, and when the intrathoracic pressure returns to normal again the blood pressure rises only gradually with no overshoot. The record in Fig lB  came from a patient, N W , who is referred to again later but this kind of record is obtained from any patient with severe interruption of circulatory reflexes, for instance from cervical cord injury, tabes, diabetes, or cerebrovascular accidents.
Another stimulus whose effect on the arterial blood pressure can usefully be observed is change ofposture from the horizontal to the vertical, or near vertical, position. In normal subjects the blood pressure remains about the same or sometimes rises or falls slightly. In patients who have lost their circulatory reflexes, however, tipping produces a fall in blood pressure which may be precipitous especially in those whose neurological lesion is recent.
In a patient who has blocked circulatory responses it may be that the resistance vessels, mainly arterioles, are not being appropriately adjusted by reflexes, and these can be tested if the blood pressure is known and if the blood flow is known, for instance by measuring the blood flow with a plethysmograph. It may also mean that the capacity vessels, mainly veins, are not being appropriately reflexly adjusted. Capacity vessels govern the amount of blood which is allowed to pool instead of returning to the heart. 
